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Description 

METHOD FOR OPERATING A VEHICLE 
CRASH SAFETY SYSTEM IN A VEHICLE 
HAVING A PRE-CRASH SENSING SYSTEM 
AND COUNTERMEASURE SYSTEMS 

Background of Invention 

[0001] The present invention relates to veliicle crasli safety sys- 
tems for automotive veliicles, and more particularly to ve- 
hicle crash safety systems having coordinated counter- 
measures operated in response to pre-crash detection 
and early crash detection. 

[0002] Auto manufacturers are investigating radar, lidar, and vi- 
sion-based pre-crash sensing systems to improve occu- 
pant safety. Current vehicles typically employ accelerome- 
ters that measure decelerations acting on the vehicle body 
in the event of a crash. In response to accelerometers, 
airbags or other safety devices are deployed. 

[0003] In certain crash situations it would be desirable to provide 



information before forces actually act upon the vehicle 
when a collision is unavoidable. Such systems may acti- 
vate pre-crash countermeasures when a collision is un- 
avoidable. 

[0004] Remote sensing systems using radar, lidar or vision based 
technologies for adaptive cruise control, collision avoid- 
ance and collision warning applications are known. These 
systems have characteristic requirements for false alarms. 
Generally, the remote sensing system reliability require- 
ments for pre-crash sensing for automotive safety related 
systems are more stringent than those for comfort and 
convenience features, such as, adaptive cruise control. 
The reliability requirements even for safety related fea- 
tures vary significantly, depending upon the safety coun- 
termeasure under consideration. For example, tolerance 
towards undesirable activations may be higher for activat- 
ing motorized belt pre-tensioners than for functions such 
as vehicle suspension height adjustments. Non-reversible 
early crash countermeasures, including airbags, require 
extremely reliable sensing systems for pre-crash activa- 
tion. However, the coordination of early crash and pre- 
crash countermeasures is typically not taken into consid- 
eration. 



[0005] It would therefore be desirable to provide a system that 

coordinates activation of pre-crash countermeasures with 

early crash countermeasures. 
Summary of Invention 

[0006] The present invention provides an improved vehicle crash 
safety system that coordinates activation of pre-crash 
countermeasures with early crash countermeasures. Pre- 
crash refers to vehicle system conditions before contact 
with an object occurs. Early crash refers to when contact 
occurs, I.e., the beginning of a collision. 

[0007] In one aspect of the invention, a vehicle crash safety sys- 
tem for an automotive vehicle has a pre-crash sensing 
system generating a pre-crash signal, a vehicle dynamics 
detector for detecting the host vehicle dynamic states, a 
pre-crash countermeasure system, and a pre-crash con- 
troller controlling the pre-crash countermeasure system 
in response to the pre-crash signal and the host vehicle 
dynamic states. The vehicle crash safety system also has a 
coordinated safety system controller coupled to an early 
crash sensing system, the said pre-crash controller and 
an early crash countermeasure system. The coordinated 
safety system controller controls the early crash counter- 
measure in response to the early crash signal and a signal 



from the pre-crash controller. 

[0008] In a further aspect of the invention, a method for operat- 
ing a vehicle crash safety system for an automotive vehicle 
comprises generating a pre-crash signal from a pre-crash 
sensing system, a vehicle dynamics state assessment from 
the vehicle dynamics detector signal, controlling a pre- 
crash countermeasure system in response to the pre- 
crash signal and the host vehicle dynamics state, generat- 
ing an early crash signal from an early crash sensing sys- 
tem, and controlling an early crash countermeasure sys- 
tem in response to the early crash signal and a signal 
based on pre-crash signal and vehicle dynamics state. 

[0009] One advantage of the invention is that because the pre- 
crash and early crash systems are coordinated better oc- 
cupant protection may be afforded. 

[0010] Another advantage of the invention is that unintentional 
or inadvertent activation of countermeasure devices is 
minimized. 

[001 1] Other advantages and features of the present invention 
will become apparent when viewed in light of the detailed 
description of the preferred embodiment when taken in 
conjunction with the attached drawings and appended 
claims. 



Brief Description of Drawings 

[0012] Figure 1 is a block diagrammatic view of a vehicle crash 
safety system according to the present invention. 

[0013] Figure 2 is a detailed block diagram of the early crash 

countermeasure system and the early crash sensing sys- 
tem coupled to the coordinated safety system controller. 

[0014] Figure 3 is a block diagrammatic view of the pre-crash 
and early crash inputs to the coordinated safety system 
controller and their associated signals. 

[0015] Figure 4 is a detailed block diagrammatic view of the co- 
ordinated safety system controller output signals. 

[0016] Figure 5 is a flow chart of a method for operating the ve- 
hicle crash safety system according to the present inven- 
tion. 

Detailed Description 

[0017] In the following figures the same reference numerals will 
be used to identify the same components. While the 
present invention is illustrated with respect to several 
types of remote object sensors, various types and combi- 
nations of remote object sensors may be used as will be 
further described below. 

[0018] Referring now to Figure 1, a vehicle crash safety system 



10 for an automotive vehicle 11 lias a pre-crash controller 
12. Pre-crash controller 12 is preferably a microproces- 
sor-based controller that is coupled to a memory 14 and 
a timer 16. Memory 14 and timer 16 are illustrated as 
separate components from that of pre-crash controller 
12. However, those skilled in the art will recognize that 
memory 14 and timer 16 may be incorporated into pre- 
crash controller 12. 
[0019] Memory 14 may comprise various types of memory in- 
cluding read only memory, random access memory, elec- 
trically erasable programmable read only memory, and 
keep alive memory. Memory 14 is used to store various 
thresholds and parameters as will be further described 
below. 

[0020] Timer 16 is a timer such as a clock timer of a central pro- 
cessing unit within pre-crash controller 12. Timer 16 is 
capable of timing the duration of various events as well as 
counting up or counting down. 

[0021] A pre-crash sensing system 17 is coupled to pre-crash 
controller 12. Pre-crash sensing system 17 generates an 
object signal in the presence of an object within its field 
of view. Pre-crash sensing system 17 may be comprised 
of one of a number of types of sensors including a radar 



22, a lidar 24, and a vision system 26. Vision system 26 
may be comprised of one or more cameras, CCD, or CMOS 
type devices. As illustrated, a first camera 28 and a sec- 
ond camera 30 may form vision system 26. Both radar 22 
and lidar 24 are capable of sensing the presence and the 
distance of an object from the vehicle. When used as a 
stereo pair, cameras 28 and 30 acting together are also 
capable of detecting the distance of an object from the 
vehicle. Alternatively, as will be further described below, 
radar 22 or lidar 24 may be used to detect an object 
within a detection zone and vision system 26 may be used 
to confirm the presence of the object within the decision 
zone and to provide the size of the object to pre-crash 
controller 12. In another embodiment of the invention vi- 
sion system consisting of cameras 1 and 2, alone may use 
established triangulation techniques to determine the 
presence of an object and the distance from the vehicle as 
well as the object's size that may include area, height or 
width, or combinations thereof. 
[0022] The pre-crash sensing system 17 may also include a re- 
ceiver 27 and a transponder 31. Transponder 31 may be 
used to send various information to other vehicles. Re- 
ceiver 27 is used to receive information from the other 



vehicles. The various information includes the coordi- 
nates, and may also include various other information in- 
cluding the braking capability, road conditions, location, 
time to impact and distance to collision. 

[0023] The vehicle crash safety system 10 includes a vehicle dy- 
namics detector 32 coupled to pre-crash controller 12. A 
speed sensor 34 is also coupled to pre-crash controller 
12. Speed sensor 34 may be one of a variety of speed 
sensors known to those skilled in the art. For example, a 
suitable speed sensor may include a sensor at every wheel 
that is averaged by pre-crash controller 12. Preferably, 
controller translates the wheel speeds into the speed of 
the vehicle. Suitable type of speed sensors 34 may in- 
clude, for example, toothed wheel sensors such as those 
employed on anti-lock brake systems. 

[0024] The vehicle dynamics detector 32 may comprise various 
numbers or combinations of sensors. The vehicle dynam- 
ics detector 32 may include a yaw rate sensor 36, and a 
steering wheel angle sensor 38. Yaw rate sensor 36 
preferably provides the yaw rate of the vehicle about the 
center of gravity of the vehicle. The yaw rate measures the 
rotational tendency of the vehicle about an axis normal to 
the surface of the road. Although yaw rate sensor is 



preferably located at the center of gravity, those skilled in 
the art will recognize that the yaw rate sensor may be lo- 
cated in various locations of the vehicle and translated 
back to the center of gravity either through calculations at 
the yaw rate sensor 36 or through calculations within pre- 
crash controller 12 in a known manner. 
[0025] Steering wheel angle sensor 38 provides a steering wheel 
angle signal to pre-crash controller 12. The steering 
wheel angle signal corresponds to the steering wheel an- 
gle of the hand wheel of the automotive vehicle. The yaw 
rate sensor 36 and the vehicle speed sensor 35 or the 
steering wheel angle sensor 38 alone, or the above sen- 
sors in combination, may be used to indicate a curved 
road. 

[0026] Pre-crash controller 12 may be coupled to a GPS/DGPS 

system 42. Global positioning system (GPS) 42 generates a 
position signal for the vehicle. Global positioning system 
42 updates its position at a predetermined interval. Typi- 
cal interval update periods may, for example, be one sec- 
ond. Although this interval may seem long compared to a 
crash event, the vehicle position may be determined 
based upon the last up update from the GPS 42 and ve- 
locity and acceleration information measured within the 



vehicle. 

[0027] pre-crash controller 12 is used to control the activation of 
a pre-crash countermeasure system 40. Each pre-crash 
countermeasure may have an individual actuator associ- 
ated therewith. In that case, pre-crash controller 12 may 
direct the individual pre-crash countermeasure actuator 
to activate the pre-crash countermeasure. Various types 
of pre-crash countermeasure systems will be evident to 
those skilled in the art. Examples of a pre-crash counter- 
measure within pre-crash countermeasure system include 
active safety systems 40A such as brake assist systems, 
motorized occupant belt pretensioner 40B, bumper airbag 
system 40C, a suspension height adjustment system 40D, 
a structural stiffness modifier system 40E and a collision 
warning system 40F. Preferably, pre-crash controller 12 is 
programmed to activate the appropriate pre-crash coun- 
termeasure in response to the inputs from the various 
sensors. 

[0028] Pre-crash controller 12 is also coupled to a coordinated 
safety system controller 44. The coordinated safety sys- 
tem controller 44 is concerned with deployment of an 
early crash countermeasure system in response to early 
crash signal obtained from the early crash sensing system 



46. Although the pre-crash controller 12 and coordinated 
safety system controller 44 are illustrated as separate 
components, their functions may be incorporated into a 
single controller having a multi-level controller function. 
Both the pre-crash controller 12 and the coordinated 
safety system controller 44 may be microprocessor- 
based. The coordinated safety system controller 44 acti- 
vates early crash countermeasures in response to the early 
crash signal from the early crash sensing system 46 and a 
pre-crash sensing based signal provided from the pre- 
crash controller 12. As will be further described below, 
the pre-crash controller may provide various types of in- 
formation to the coordinated safety system controller 44. 

[0029] Referring now to Figure 2, the coordinated safety system 
controller 44 is illustrated with early crash sensing system 
46 and early crash countermeasure system 45 in further 
detail. Pre-crash controller 12 is also illustrated coupled 
to coordinated safety system controller 44. 

[0030] Early crash sensing system 46 may include various sen- 
sors including a crash sensor 46A, a seat position and 
seat inclination sensor 46B, a seat weight sensor 46C, a 
seat belt usage sensor 46D, an occupant position and 
classification sensor 46E, and an airbag control switch 



46F. Although these sensors are used, not all or further 
sensors may be used. 
[0031] Early crash countermeasure system 45 may include vari- 
ous types of countermeasures for occupant protection. 
The early crash countermeasure system 45 is particularly 
suited to reduce or prevent injuries to the driver and pas- 
sengers. 

[0032] Early crash countermeasure system 45 may include but is 
not limited to a driver and passenger airbag system 45A, a 
seatbelt system 45B, a deployable steering system 45C, a 
deployable lower extremity protection system 45D, a de- 
ployable knee bolster 45E, and an anti-submarining sys- 
tem 45F. Anti-submarining systems may, for example, 
airbags mounted at the front end of the seat bottoms. De- 
ployable steering system 45C may, for example, include 
steering columns that are controlled by means of py- 
rotechnic or explosive means. The combination of the 
pre-crash controller 12 and the coordinated safety system 
controller 44 insures that respective collision counter- 
measures are deployed when required before a crash and 
systematically tailors to the deployment of the safety sys- 
tems during a crash. Outputs from the pre-crash con- 
troller, occupant state and restraints usage information 



and the vehicle dynamics data are provided to the coordi- 
nated safety system controller. 
[0033] Referring now to Figure 3, the early crash sensing system 
46 inputs and the inputs from the pre-crash controller 12 
are provided in further detail. In box 50 the pre-crash 
controller 12 is illustrated providing collision threat as- 
sessment, time to impact, relative velocity of impact, im- 
pact location, impact classification, collision object classi- 
fication, host vehicle velocity, bumper-bag deployment 
status, host vehicle state modification status, structural 
stiffness modification status, active safety system activa- 
tion status, and motorized pre-tensioner activation status 
to the coordinated safety system controller 44. Those 
skilled in the art will recognize that the pre-crash signal 
may contain all or some of the signals. Further, pre-crash 
signal may include further calculated or derived pre-crash 
signals. 

[0034] Crash sensors 46A may, for example, provide a front 

crash sensor signal, a center impact sensor signal, and an 
independent impact/safing sensor signal. Various crash 
sensors are known to those skilled in the art such as ac- 
celerometer-based crash sensors that are used to activate 
an airbag. 



[0035] Seat position and inclination sensor 46B may provide, for 
example, driver and passenger seat position including a 
seat back inclination signal. 

[0036] Seat weight sensor 46C may provide a signal correspond- 
ing to the weight of the driver and the passenger on the 
seat. 

[0037] A seatbelt usage sensor may provide driver and passenger 
seatbelt usage status to the coordinated safety system 
controller 44. 

[0038] An occupant position and occupant classification sensor 
46E provides driver and passenger position and classifica- 
tion signals to the coordinated safety system controller 
44. Airbag control switch 46F may provide the coordi- 
nated safety system controller with airbag activation con- 
trol switch status. Further, the airbag control switch may 
also provide such information to side airbags and/or side 
curtain airbags. 

[0039] Referring now to Figure 4, the early crash countermeasure 
system 45 is illustrated in further detail. The coordinated 
safety system controller 44 may generate various control 
signals for the various early crash countermeasure sys- 
tems. Various signals to control various portions of the 
system are illustrated in boxes 70-88. 



[0040] jhe coordinated safety system controller 44 may control 
multiple stage inflators 70 by controlling a flow rate and 
time delay signal of the passenger and driver airbags 45A. 
Also, adaptive venting 72 may also be provided having 
various flow rates and time delays calculated by the coor- 
dinated safety system controller 44. The driver and pas- 
senger airbags 45A may also have tethers 74 that may be 
activated or deactivated based upon the coordinated 
safety system controller 44 output. Seat belt systems 45B 
may have pyrotechnic belt/buckle tensioners 76 that have 
various activation times calculated by the coordinated 
safety system controller 44. The seatbelts may also have 
seatbelt load limiters 78 that have a load limit level calcu- 
lated by the coordinated safety system controller 44. 
Seatbelt system 45B may also include an inflatable belt 
that has an activation time 80 calculated by the coordi- 
nated safety system controller 44. A deployable steering 
system 45C may have a stiffness modifier that has an ac- 
tivation/non-activation signal provided by the coordinated 
safety system controller 44. Also, an activation time may 
also be modified by the coordinated safety system con- 
troller 44. 

[0041] The deployable lower extremity protection system 45D 



may have an inflator that may be activated or non- 
activated based on the coordinated safety system con- 
troller 44 input. Also, inflator activation time may also be 
provided by the coordinated safety system controller 44. 
[0042] Various anti-submarining systems 45F may also be pro- 
vided. The activation and non-activation of the anti- 
submarining systems may be provided by the coordinated 
safety system controller 44. This may include activating or 
deactivating the inflator. Further, the activation time may 
also be provided by the coordinated safety system con- 
troller 44. 

[0043] The decision making computations incorporated in the 
coordinated safety system controller 44 may be based 
upon fuzzy reasoning, pattern recognition systems with 
polynomial and neural-network classifiers to determine 
crash conditions or lookups in a lookup table correspond- 
ing to the crash conditions. 

[0044] Referring now to Figure 5, a method for operating the ve- 
hicle crash safety system 10 is illustrated. In step 100, the 
system starts. In step 102, the target object signals from 
the sensors of the pre-crash sensing system 17 are re- 
ceived. In step 104 the signals are processed in the pre- 
crash controller and a sensor fusion is performed with all 



the sensor signals to determine various pre-crash condi- 
tions. In step 106, a threat assessment is made with the 
remote sensor signals, the vehicle dynamics detector sig- 
nals, and the GPS data. In step 108, if the pre-crash con- 
troller does not need to activate any countermeasures, 
step 102 is executed. In step 108, if the pre-crash con- 
troller needs to activate countermeasures, step 110 is ex- 
ecuted in which appropriate pre-crash countermeasures 
are activated with the pre-crash controller. In step 112, 
the pre-crash controller outputs are provided to the coor- 
dinated safety system controller. In step 114, the various 
early crash sensing system input signals 46 to the coordi- 
nated safety system controller 44 are monitored. As de- 
scribed above, these may include but are not limited to 
the seat position, seat inclination, seat weight, seatbelt 
usage, occupant classification, and airbag control switch 
status. In step 116, the driver and occupant positions are 
continuously monitored. In step 118, confirmation of 
threat assessment with the crash sensor signal is per- 
formed. In step 120, if a collision is not confirmed with 
the crash sensors, step 102 is re-executed. In step 120, if 
the collision is confirmed with the crash sensors the opti- 
mal deployment of the early crash countermeasure system 



45 is coordinated by tlie coordinated safety system con- 
troller 44. In step 126 the system ends. 
[0045] While particular embodiments of the invention have been 
shown and described, numerous variations and alternate 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



